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Introduction
In RAN4 #90 meeting, a way forward on UE timing adjustment [1] was approved on how to specify the UE transmit timing adjustment requirements when UE switches Rx beam in FR2. In this contribution, we provide further discussion on how to define the UE timing adjustment requirements.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]When UE switches its Rx beam, it was observed that the downlink reception timing at UE side might be drifted due to propagation environment change. UE uplink transmission timing takes place (NTA+NTA-offset) before downlink reception timing. When downlink reception timing changes, the uplink transmission timing shall also be adjusted correspondingly.
In WF [1], two options were agreed on how to adjust UE its timing when UE switches its Rx beam.
· Option 1: timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Te i.e. gradual timing adjustment shall NOT be applied.
· Option 2: gradual timing adjustment if T is less than or equal to threshold (H) but greater than Te; otherwise one shot timing adjustment (i.e. if  T> H).
For option 1, UE is required to perform one-shot timing adjustment. For option 2, UE is required to perform one-shot timing adjustment when the downlink timing drift (∆T) is greater than a threshold H, otherwise UE is required to perform gradual timing adjustment with the time adjustment step no larger than Tq.
The difference between option 1 and option 2 is how to perform timing adjustment when the downlink timing drift is less than or equal to the threshold H. For option 2, the timing drift threshold H is expected to be defined as a small value, e.g. half CP length. Obviously, the performance loss with ≤H timing adjustment is smaller than that with >H timing adjustment. If the performance loss with >H one-shot timing adjustment is acceptable for BS and UE, then the performance loss with ≤H one-shot timing adjustment shall also be acceptable.
Hence, it is suggested to use option 1 for UE timing adjustment when UE switches its Rx beam. Even when the downlink timing drift is larger than the maximum adjustment step Tq as defined in TS 38.133, UE shall also perform 
Proposal 1: When UE switches Rx beam, UE is allowed to perform one-shot timing adjustment with the time adjustment step larger than Tq.


Figure 1: Example for UE Rx beam switching
[bookmark: _GoBack]As shown in Figure 1, when the downlink timing change for Rx beam switching is larger than CP, it may cause one symbol interruption.
Observation 1: When UE performs Rx beam switching, there may cause one symbol interruption.
Since Rx beam switching may cause interruptions, the scenarios for UE perform Rx beam switching shall be studied.
Before UE adjusts uplink transmit timing, UE shall obtain the fine timing information of downlink reception for both old Rx beam and new Rx beam and observe the change of downlink timing for Rx beam switching.
The operation of UE Rx beam switching may be triggered from gNB side. According to the specification of TS 38.214, UE will be configured with up to 8 activated TCI-states by the DCI field 'Transmission Configuration Indication', and only one of them can be applied at a time by activation command. When a new TCI-state is indicated to be applied by an activation command, then UE shall apply the new TCI-state and the paired UE Rx beam may change, as shown in Figure 1.


Figure 1: Scenario for gNB-triggered Rx beam switching
For gNB-triggered Rx beam switching, the UE shall be able to keep fine timing tracking on TRS resourece for each PDSCH TCI state. Then, when any one of them is activated, UE shall be able to know the downlink timing change and adjust its timing. According to the specification of TS 38.214, the valid TCI-state configurations for PDCCH/PDSCH are summarized in Table 1.
Table 1: Valid TCI-state Configurations for PDCCH/PDSCH
	Valid TCI-state Config for PDCCH/PDSCH
	DL RS 1
	qcl-Type1
	DL RS 2
(if configured)
	qcl-Type2
(if configured)

	#1
	CSI-RS1
(w/o trs-Info and w/o repetition)
	QCL-TypeA
	CSI-RS1
(w/o trs-Info and w/o repetition)
	QCL-TypeD

	#2
	CSI-RS1
(w/ trs-Info)
	QCL-TypeA
	CSI-RS1
(w/ trs-Info)
	QCL-TypeD

	#3
	CSI-RS1
(w/ trs-Info)
	QCL-TypeA
	CSI-RS2
(w/ repetition)
	QCL-TypeD


At least a CSI-RS resource with ‘QCL-TypeA’ will be configured in the TCI-state for PDCCH/PDSCH and can be used as TRS for timing tracking. When a TCI-state for PDCCH/PDSCH is activated, a CSI-RS resource with ‘QCL-TypeD’ shall be configured in the activated TCI-state. Otherwise, UE cannot obtain the Rx beamforming information for the activated TCI-state, which means that UE cannot know the paired Rx beam for this activated Tx beam.
After new TCI-state is used, UE shall perform fine timing tracking on the CSI-RS resource configured with ‘QCL-TypeA’ in the new TCI-state. When downlink time drift is observed, UE performs corresponding timing adjustment after the first slot containing the CSI-RS resource configured with 'QCL-TypeA' in the new TCI state.
Proposal 2: UE performs gNB-triggered Rx beam switching under the following conditions:
· The ‘QCL-TypeD’ CSI-RS resource is configured in the TCI-state to be active, and
· The ‘QCL-TypeA’ CSI-RS resource associated with the TCI-state to be active can be obtained by the UE during last [FFS]ms.
The operation of UE Rx beam switching may also be triggered from UE side. UE will perform UE Rx beam selection according to L1-RSRP measurements on configured SSB/CSI-RS resources to pair gNB Tx beam. When a better paired Rx beam is found, UE may switch to new Rx beam, as shown in Figure 2.
For UE-triggered Rx beam switching, only when the ‘QCL-TypeD’ CSI-RS resource is configured in current applied TCI-state for PDSCH. UE shall be able to perform UE Rx beam managements for PDSCH. When UE find a better Rx beam, UE may reselect to a new Rx beam and adjust its timing.
Proposal 3: UE performs UE-triggered Rx beam switching under the following condition:
· The ‘QCL-TypeD’ CSI-RS resource is configured in current active TCI-state


Figure 2: Scenario for UE-triggered Rx beam switching
For gNB-triggered Rx beam switching, the slot that UE starts to apply a new TCI-state is specified in TS 38.214. However, the slots which are allowed UE-triggered Rx beam switching have not been defined. When UE to find a new Rx beam is up to UE implementation and unpredicted. Since UE perform fine timing tracking based on the TRS resources, it is suggested to UE performs UE-triggered Rx beam switching on TRS slot. Therefore, UE could perform timing adjustment and align its timing with new Rx beam immediately.


Figure 3: Example for UE-triggered Rx beam switching
For example, as shown in Figure 3, it is assumed that UE find out a better Rx beam for the current applied TCI state at timing point A. UE applies the new Rx beam on the next TRS slot, and UE could obtain the timing change and adjustment the transmission timing on the first uplink slot after the TRS slot.
Proposal 4: For UE-triggered Rx beam switching, UE is allowed to apply new Rx beam on TRS slots, where the TRS is the ‘QCL-TypeA’ CSI-RS resource associated with current applied TCI-state.
Since the UE-triggered Rx beam switching may cause interruptions which are unpredictable, the maximum probability of missed ACK/NACK due to UE-triggered Rx beam switching shall be specified to limit the frequency of UE performing autonomously Rx beam switching.
Proposal 5: The interruptions due to UE-triggered Rx beam switching is defined as a probability of missed ACK/NACK.

Conclusions
This contribution provide analysis on impacts of Tx-Rx beam transition on UE timing requirements, and the followings are provided.
Proposal 1: When UE switches Rx beam, UE is allowed to perform one-shot timing adjustment with the time adjustment step larger than Tq.
Observation 1: When UE performs Rx beam switching, there may cause one symbol interruption.
Proposal 2: UE performs gNB-triggered Rx beam switching under the following conditions:
· The ‘QCL-TypeD’ CSI-RS resource is configured in the TCI-state to be active, and
· The ‘QCL-TypeA’ CSI-RS resource associated with the TCI-state to be active can be obtained by the UE during last [FFS]ms.
Proposal 3: UE performs UE-triggered Rx beam switching under the following conditions:
· The ‘QCL-TypeD’ CSI-RS resource is configured in current active TCI-state
Proposal 4: For UE-triggered Rx beam switching, UE is allowed to apply new Rx beam on TRS slots, where the TRS is the ‘QCL-TypeA’ CSI-RS resource associated with current applied TCI-state.
Proposal 5: The interruptions due to UE-triggered Rx beam switching is defined as a probability of missed ACK/NACK.
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